Objective: To probe into the most effective site, extra-ordinary point, acupoint and channel for regulating reproductive endocrine function by means of the study on acupuncture activating the gonadotropin-releasing hormone neurons (GnRH) in hypothalamus. Methods: Female SD rats of reproductive age were used, and the in vivo study on GnRH neurons in hypothalamus was made with mimic sexual stimulation and feedback regulation. The neuron-activating effects of the acupoints on the channels pertaining to the zang-and fu-organs related with reproductive endocrine and the extra-ordinary points in different regions were studied using the discharge of the neuron as index, and then the neurons were labeled with horseradish peroxidase (HRP). Results: Acupuncture was given at two acupoints each on the three yin channels of foot, the three yang channels of foot, the Conception Vessel and the Governor Vessel. The order of the mean increasing percentage in the hypothalamic GnRH neuron electric activity was: the Gallbladder Channel >the Spleen Channel >the Stomach Channel / the Bladder Channel / the Conception Vessel >the Liver Channel >the Kidney Channel >the Governor Vessel; for different acupoints, it was: Guanyuan (CV 4) >Sanyinjiao (SP 6) >Zusanli (ST 36) >Daimai (GB 26) / Yanglingquan (GB 34) >Shenshu (BL 23) >Weizhong (BL 40) >Yaoyangguan (GV 3) / Liangmen (ST 21) / Fujie (SP 14) >Qimen (LR 14) / Yingu (KI 10) >Tangzhong (CV 17) / Zhiyang (GV 9); for different positions, it was: the lower abdominal part / the lower limb part >the thoracodorsal part; for the extra-ordinary points, it was: Zigong (EX-CA1) > Dannang (EX-LE6) / Yaoyan (EX-B7) >Baichongwo (EX-LE3) / Qianzheng >Jingbi / Bizhong / Taiyang (EX-HN5) >Erbai (EX-UE2) / Dingchun; and for the distribution sites of the extra-ordinary points: lower abdominal region >the lower limb region >the craniofacial region >the upper limb region / the thoracodorsal region. Conclusion: For regulating the reproductive endocrine function, the acupoints located at the same neural segment with the reproductive organ should be selected as the main points, and it is necessary to combine with syndrome differentiation of the viscera and channels.
Hypothalamus as the initiation center of the endocrine system plays a key role in the hypothalamus-pituitary-gonad axis (HPGA). Gonadotropinreleasing hormone neurons (GnRH) is secreted from the hypothalamus, which is a hormone essential for maintaining normal sexual function; and it is the final pathway of the reproductive regulation system after the organism integrates various stimulations of the internal and external environments. 1 Polston 2 and Hahn 3 , et al. 1 used the tracer labeling method and the immunohistochemical technique to study the origins and projecting positions of GnRH neurons, and found that GnRH neurons are closely related with individual growth and development of the organism. Along with mature of organism individual development, GnRH neurons and their fiber projections distribute mainly in the medial preoptic area and in the paraventricular nucleus and arcuate nucleus areas of periventricular zone in the hypothalamus, and some of the fibers go up and project to the septal area, bed nucleus of stria terminalis, amygdaloid nucleus, etc. Feldman 4 found mature luteinizing hormone-releasing hormone (LH-RH) neurons in the median eminence and arcuate nucleus of the hypothalamus in the fetal rat aged 21 days. When electrochemical stimulation is given to the median preoptic area of the rat, GnRH level in hypophysial portal blood increases, and plasma LH secreted from the hypophysis also increases correspondingly. 5 All the available studies about GnRH neurons are carried out in the isolated brain slice. In order to study the regulative effects of acupuncture on reproductive endocrine function, the present study on GnRH neurons in hypothalamus was made in vivo, and the regulative effects of acupuncture at different acupoints on electric activities of GnRH neurons in hypothalamus were synchronously investigated, which are valuable for expounding the mechanism of acupuncture in regulation of the reproductive endocrine function.
MATERIALS AND METHODS
Sixty female Sprague-Dawley rats of reproductive age (SCSK-2002-0016), common grade, weighing 240-280 g, were supplied by Institute of Genetics and Developmental Biology, Chinese Academy of Sciences. They were fed with standard rodent forage in separated rearing cages with light of 12 h at room temperature of (20±2)℃.
Preparation of the Experimental Animals
The experimental animals were anesthetized with intraperitoneal injection of 10% urethane (1.0-1.2 g/kg) and took a dorsal position at the experimental table. The skin was longitudinally incised along the cervical median line, and the hypodermic tissue was separated with the external jugular vein exposed, and then the connective tissues round the vein were stripped. An oblique nick on the external jugular vein was made with ophthalmic scissors in a depth of 1/2 of the diameter of the vein, and a venous cannula was concentrically inserted into the external jugular vein to a depth of 0.5-1.0 cm and fixed by ligation with surgical thread for injection of medicines. 2-3 ml of 0.2% heparin was retained in the venous cannula as anticoagulant, 0.5-1.0 ml of which was injected if necessary to prevent blood coagulation from obstructing the venous cannula. The skin vertical to the groin and 0.5 cm lateral to the vulva was incised, and the subcutaneous tissues were separated with the dorsal nerve of clitoris exposed. After stripping of the connective tissues around, the dorsal nerve of clitoris was suspended on a bipolar platinum hook electrode. Because the somatosensory afferent fibers projecting to the brain cross in the spinal cord, the suspended dorsal nerve of clitoris is put at the opposite side of the hypothalamic neurons recorded.
After completion of the above operation, the rat was shifted to a KOPF-900 stereotaxic instrument in a spine position, with the ears fixed with ear bars, the upper teeth hooked on a rat head clip and the mouth and nose tightly clipped with a rat head clip. The skin of the median line of the skull was longitudinally incised, and the subcutaneous tissues were separated and cut off. Then, the periost was removed, and the anterior and posterior fontanels were exposed and adjusted to a same level. In reference to the rat brain atlas, 6 the two-dimensional coordinate positions of the related hypothalamic nucleus nuclei (median preoptic area, arcuate nuclei and paraventricular nucleus) on the skull were: about 4.0-9.0 mm anterior to the posterior fontanel, about 1.0 mm lateral to the cranial suture line on one side and about 2.0 mm on the other side. Firstly, a small hole was drilled at the center of the range with a skull bone drill, and then a cranial bone about 5 × 3 mm 3 was removed carefully along the small hole with a bone-biting forceps, the brain membrane was removed with a gossamer tweezers under a microscope, and the wound covered temporally with paraffin oil of 38℃ for protecting the brain tissues from being dry. 
Recording of the Single Cell for Neuronal

Activities
Mimic Sexual Stimulations
When the discharges of neurons had been recorded by micro-electrodes in the median preoptic area and paraventricular and arcuate nuclei of the periventricular zone in hypothalamus, the following experiments were made respectively (with at least 2-min interval between two experiments).
Electro-stimulation of the dorsal nerve of clitoris:
The stimulation pulses outputted by a SEN-7203 electric stimulator were transported to the bi-polar platinum wire hooking electrode to stimulate the dorsal nerve of clitoris through a SS-102J isolated instrument, in a stimulating intensity of 1-2 mA, duration of 0.5 ms, interval of 4 ms, frequency of 50 Hz, lasting 5 s. The changes in discharges for the neurons in hypothalamus before and after the electric stimulation were recorded.
Touching stimulation of the clitoris: Gently
rubbing with a cotton stick and with an appropriate amount of paraffin oil given to the region of clitoris 
Feedback of the Hormones
When the mimic sexual stimulations induced obvious strengthening of the neuronal activities in hypothalamus (the frequency of discharges from neurons within an unit time after the stimulation increased by ≥20%) or inhibition (the frequency of discharges from neurons within an unit time after stimulation decreased by <20%), the attribution of the neuron was preliminarily determined. β-estradiol (β-E2, 20bng/ml, 30-50 ng/kg or 1.5-2.5 ml/kg) was then injected into the external jugular vein to observe whether the feedback action from the neuron appeared so as to further judge attribution of the neuron.
Effects of Acupuncture at Different Points on
Electric Activities of the Excitatory Neurons
Using the discharge from the neurons responding to the mimic sexual stimulation and the feedback regulation as the indexes, the target channels and the target points specifically activating the neurons were selected.
The points selected were: on the Conception Vessel 
Statistical Analysis
Spike 2 software systems were used for statistical analysis. Because the neuronal activities often fluctuate along with the changes of background spontaneous activities, the discharge number after stimulation should reduce the background discharge number 30 s before stimulation for the "pure response". During the stimulation, the neurons with the change of discharge number of over or less 20% were respectively regarded as the excitatory neurons or inhibitory neurons. All the data were expressed as mean±SE. The record of the determined GnRH neuronal discharge in hypothalamus was statistically analyzed by one-way ANOVA and t test.
RESULTS
General Characteristics of Electric Activities of the Neurons in Hypothalamus
Electric activities were recorded from 433 neurons of the hypothalamus in 60 female adult rats. Among them, 196 were in the preoptic median area, 193 in arcuate nuclei and 44 in paraventricular nucleus.
Effects of Mimic Sexual Stimulations on the Neurons in Hypothalamus
When the neuronal discharge was recorded in hypothalamus, the 3 kinds of mimic sexual stimulations, i.e. touching the clitoris, vibrating the vagina and electric stimulating the dorsal nerve of the clitoris, were respectively given to the female rats. A part of the neurons showed obvious changes in electric activities before and after the stimulations ( Table 1 and 2).
Of the 433 neurons recorded, after touching the clitoris, 147 were excitatory, accounting for 34% of the total cell number; 79 were inhibitory, accounting for 18%; the other 207 were the neurons with no change of the discharge (no-responding neurons), accounting for 48%.
Of the 147 excitatory neurons, 67 were in the preoptic median area, 70 in arcuate nuclei and 10 in paraventricular nucleus.
Of the 79 inhibitory neurons, 31 were in the preoptic median area, 41 in arcuate nuclei and 7 in paraventricular nucleus.
It can be seen from Table 1 that after the 3 kinds of mimic sexual stimulations, the mean percentages of discharge increase from the excitatory neurons in hypothalamus were 247.95%, 137.85%, and 50.58% respectively for touching the clitoris, vibrating the vagina and electrically stimulating the dorsal nerve of clitoris, with significant differences before and after the stimulations, and with different change degrees. Table 2 , after touching the clitoris, vibrating the vagina and electrically stimulating the dorsal nerve of clitoris, the mean percentages of discharge decrease from the inhibitory neurons in hypothalamus were respectively 81.36%, 63.07% and 53.66%.
As shown in
It can bee seen from Table 1 and 2 that for both the excitatory neurons and the inhibitory neurons, touching the clitoris is the most effective mimic sexual stimulation, and the hypothalamic neurons showed the strongest response to the touching stimulation. Therefore, in the following experiments, touching the clitoris was used as the "sexual excitation-inducing" stimulation to study the characteristics of the neurons in hypothalamus. Note: For comparison of electric activities of the neurons before and after stimulation, *P<0.05, **P<0.01.
Feedback Regulatory Action of E2 on the Neurons Related with the "Sexual Excitation-evoking" Stimulation in Hypothalamus
In part of the recorded excitatory and inhibitory neurons evoked by touching the clitoris, E2, testosterone (T) and hydrocortisone were injected, using the feedback regulatory action to reconfirm the neuronal attribution. Small dosage of the drugs was injected directly into the vein for a rapid and short-term effect.
As shown in Table 3 , after intravenous injection of E2, the discharge of the excitatory neurons was decreased to 0.62±0.13/s from 1.55±0.20/s, reduced by 63.51% (P<0.01); and the discharge of the inhibitory neurons was decreased to 0.34±0.07/s from 1.32±0.19/s, reduced by 71.24% (P<0.01).
The inhibitory action of E 2 started 30-60 s after the intravenous injection, and lasted 2-4 minutes. Hydrocortisone did not induce significant change of the neuronal discharge, and the action of T was between E2 and hydrocortisone.
Suppose the neurons responding to the "sexual excitation-evoking" stimulation and the feedback regulative action of female hormones in hypothalamus are GnRH neurons, the discharge of the neurons was used as the index to study the neron-activating effects of acupuncture at the acupoints on the channels pertaining to the zang-and fu-organs related with reproductive endocrine. Note: For comparison of the electric activities of neurons before and after injection of E2, **P<0.01.
The Activating Effects of Acupuncture at Different
Acupoints on the "Hypothalamic GnRH Neurons" (Table 4) When acupuncture was given respectively at two acupoints each on the Three Yin and Three Yang was 82.31% for acupuncture in the thoracolumbar region, 180.31% for the lower abdomen, 183.56% for the lower limbs. The increasing percentage in electric activities of the "hypothalamic GnRH neurons" for acupuncture on the lower abdomen and the lower limbs was higher than that on the chest and back.
As shown in Table 5 , as for acupuncture at the Note: For comparison of the electric activities of neurons before and after stimulation, **P<0.01. Note: For comparison of the electric activities of neurons before and after stimulation, **P<0.01.
The HRP-labeled Neurons are Possibly the GnRH Neurons in Hypothalamus
As shown in Figure 1 , the arrows indicate the neurons labeled with HRP in the arcuate nuclei and paraventricular nucleus in hypothalamus. It can be seen that the neurons labeled with HRP are same in form with the GnRH neurons labeled with green fluorescin by Kelly; 7 and in combination with the distribution of the neurons and the feedback regulatory actions of the "sexual excitation-evoking" stimulation and the female sex hormones, they are possibly the GnRH neurons in hypothalamus. In brief, for regulating the reproductive endocrine function, the points at same neural segments with the reproductive organs should be selected as the main points, and it is necessary to combine with the syndrome differentiation of zang-and fu-organs and channels. In the present study, the synergistic action between the points was not involved, to which more attention should be paid in clinic. Therefore, the synergistic action of the two points which can specially activate the GnRH neurons in hypothalamus should be further investigated.
